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(57) Abstract 

An arbitrary character string displayed on a display 
device (704) is highlighted by a user, who then depresses 
a predetermined key. In response to the depression of this 
predetermined key, a CPU stores the highlighted word into 
a buffer memory (712) and searches a data base (714) for 
this word. The data base (714) is selected as an active data 
base out of a plurality of data bases. When the highlighted 
word is present in the active data base (714), the CPU reads 
and invokes a program associated with the word. When the 
highlighted word is not found, the CPU displays a dialogue 
box on the display device (704) to allow the user to enter the 
name of the program to be invoked. 
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DESCRIPTION 

FLEXIBLE HYPERLINK ASSOCIATION SYSTEM AND METHOD 

5 FIELD OF THE INVENTION 

The present invention relates to computer programs, and more 
particularly to computer programs which can associate an operation 
performed by a computer with captured data appearing on a display device of 
the computer. 

10 

BACKGROUND OF THE INVENTION 
Many computer programs display information on a display device, such 
as a video monitor. The information is generally in the form of text and 
graphic data. It is sometimes desirable to allow a user to highlight a portion 

15 of the displayed information and the computer program immediately performs 
a desired operation related to the highlighted information. Two examples 
are described below to show the usefulness of such ability. One example is 
a children's learning program in which a child can type in a word anywhere on 
the display device, press a pre-assigned key, and the computer can 

20 pronounce the word. In another example, the information is a regular text 
document generated by a commonly used word processing program (e.g., 
Microsoft Word or WordPerfect). A user can highlight a word in the 
document, press a pre-assigned key, and a multimedia (audio, graphic, etc.) 
presentation related to the highlighted word is played. 

25 There are prior art programs which associate a text string or an icon with 

specific operations of a computer. For example, many educational programs 
display text and graphics on a computer monitor. A child can highlight a 
word (or click on an icon) and the computer programs can pronounce the 
word (or perform a predetermined operation associated with the icon). 

30 However, the position and content of the highlighted area is fixed because it 
is generated by the computer program. Thus, the computer program can 
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easily determine the word being highlighted based on its position (instead of 
its content), and perform the necessary operations. These programs do not 
allow a child to type in any word at any position on the display device, and 
then performed an operation related to the content of the word. Further, the 

5 association between the highlighted word and the operation (e.g., pronounce 
the word) is fixed, and the user cannot alter the relationship. 

There are "hyperlinked" documents which allow a user to highlight an 
object, and the associated programs will link the object to other documents. 
One example is documents coded in a standard Hypertext Markup Language 

10 (HTML) format. These documents are typically used in a world-wide 

computer network called the Internet. A user can use a browser to retrieve 
an HTML document from a remote server and display it on his computer. 
Typically, the display contains text and graphics, although it is possible to 
show sound and movie. These documents embed links to other HTML 

15 documents. The user can click on predetermined locations of the document, 
and a predetermined HTML document will be retrieved from the same or 
another server. However, all the links are built in the HTML document. The 
user cannot create a new link or alter the position and content of the embed 
link. 

20 Many word processing programs allow a user to highlight a word, press 

a pre-assigned key (e.g., one of the F-keys in a IBM compatible personal 
computer), and change the display format of the word (e.g., bold, italics, etc.). 
These word processing programs perform the same operation every time the 
same pre-assigned key is pressed. The operation does not depend on the 

25 content of the highlighted word. 

SUMMARY OF THE INVENTION 
The computer system of the present invention uses a temporary storage 
buffer to store data highlighted by a user. The highlighted data could be 
30 located anywhere on a display device of the computer system. The system 
also contains a table (or database) associating a list of data (e.g., character 
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strings) with a list of computer operations. When a pre-assigned key is 
pressed, the content of the temporary storage buffer is compared with the list 
of data in the database. When there is a match, the associated operation is 
performed. As a result, the operation performed is related to the content of 
5 the highlighted data. 

The relationship between the data and the computer operation can be 
changed by comparing the content of the temporary storage buffer with 
different tables (or databases). Thus, the same data gives rise to different 
computer operations, when different tables are selected for comparison with 
10 the data. 

In one embodiment of the present invention, the temporary storage 
buffer is the clipboard buffer in MS Windows environment. The user use a 
mouse to highlight a word and press a pre-assigned key (e.g., control-C). 
The computer system captures the word and compare it with words in a 
15 database. If there is a match, the computer performs an operation indicated 
in the database and associated with the word (e.g., pronounce the word). If 
there is no match, an "action editor" is displayed, which allows the user to 
enter into the database an action associated with the unmatched word. 
The clipboard could be used to capture graphics. In this case, the 
20 database compares the captured graphics with graphic data stored therein. 

These and other features and advantages can be understood from the 
following detailed description of the invention together with the accompanying 
drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing of a computer system operating according 
to the first embodiment of the present invention. 

Fig. 2 is a flow chart of a clipboard scanning cell according to the first 
embodiment of the present invention. 
30 Fig. 3A is a flow chart of a hyperlink cell according to the first 

embodiment of the present invention. 
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Fig. 3B is a flow chart of another hyperlink cell according to the first 
embodiment of the present invention. 

Fig. 4 is a schematic diagram of a "bossless" digital cell technology 
which can be used to implement the clipboard scanning cell and hyperlink cell 
5 according to the first embodiment of the present invention. 

Fig. 5 is a drawing showing the structure of an application using the 
bossless architecture used to implement the clipboard scanning cell and 
hyperlink cell according to the first embodiment of the present invention. 

Fig. 6 is a block diagram showing the logical structure of a DNA file 
10 associated with a hyperlink cell according to the first embodiment of the 
present invention. 

Fig. 7 is a block diagram of the logical structure of a cell according to the 
first embodiment of the present invention. 

Fig. 8 is a drawing to illustrate an example of flexible hyperlink 
15 association system according to the first embodiment of the present 
invention. 

Fig. 9 is a schematic drawing of a computer system operating according 
to the second embodiment of the present invention. 

Fig. 1 0 is a flow chart of a clipboard scanning cell according to the 
20 second embodiment of the present invention. 

Fig. 1 1 is a flow chart of a hyperlink and branch cell according to the 
second embodiment of the present invention. 

Fig. 12 is a block diagram showing the logical structure of a DNA file 
associated with a hyperlink and branch cell according to the second 
25 embodiment of the present invention. 

Fig. 1 3 is a block diagram of a computer system which can be used to 
run the flexible hyperlink association program of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
The present invention is directed to a novel flexible hyperlink association 
system. The following description is presented to enable any person skilled 
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in the art to make and use the invention. Descriptions of specific 
applications are provided only as examples. Various modifications to the 
preferred embodiments will be readily apparent to those skilled in the art, and 
the general principles defined herein may be applied to other embodiments 
5 and applications without departing from the spirit and scope of the invention. 
Thus, the present invention is not intended to be limited to the embodiments 
shown, but is to be accorded the widest scope consistent with the principles 
and features disclosed herein. 

First Embodiment 

10 Fig. 1 is a schematic drawing of a computer system 700 which is able to 

implement a flexible hyperlink association system according to the first 
embodiment of the present invention. Computer system 700 contains a 
display device 704. An exemplary ASCII character string 706, "this is the 
sound of a piano", is displayed on display device 704, The word "piano" is 

15 highlighted. A user presses a pre-assigned key, e.g., control-C. Computer 
system 700 captures the highlighted word, "piano" in a buffer 712. It should 
be appreciated that the word can be captured to buffer 712 while it is being 
highlighted or after the 
pre-assigned key is pressed. 

20 After the pre-assigned key is pressed, computer system 700 accesses a 

database 714 already loaded in the system memory of computer system 700. 
Database 714 contains a plurality of lines. Each line can be considered a 
record, which contains the name of a musical instrument, an equal sign, and 
the name of a program module (e.g., a file having an "EXE" extension). The 

25 equal sign is an association symbol. The operation performed by the 

program module corresponds to the operation performed by computer system 
700. It should be appreciated that any symbol could be used as an 
association symbol. The programs associated with the operations could 
have any format executable by computer system 700 (e.g., files having 

30 "WAV", "BMP" and other extensions). 
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In this embodiment, computer system 700 compares the word in buffer 
712 with the words in database 714 to the left of the equal sign. A match is 
found, and the program corresponds to the word "piano" is "piano. exe". 
Computer system 700 then invokes the program "piano.exe". This program 
5 causes computer system 700 to play a piece of piano music. As a result, a 
piece of piano music is played by loudspeaker 718. 

In a computer system, the operating system determines the steps need 
to be taken to invoke a program module. It should be easy for persons 
skilled in the art to write a routine which can follow these steps to invoke a 
10 desired program module listed in database 714. 

It can be seen from Fig. 1 that the word "piano" can occur anywhere on 
display device 704. Further, the program being executed depends on the 
content of the highlighted word. Thus, a different program will be executed if 
a different word is highlighted. 
15 In database 714 of Fig. 1 , the name of the program (e.g., piano.exe) is 

textually similar to its associated word (e.g., piano). It should be noted that 
the two could be completely different 

The way data is highlighted depends on the structure of computer 
system 700. In a IBM-compatible computer running under Microsoft 
20 Windows environment, data can be highlighted by positioning a cursor (not 
shown) at a first location on display device 704, depressing a button on a 
mouse (not shown), and moving the cursor to a second location. Other 
programs highlight data using other procedures (e.g., WordPerfect running 
under Microsoft DOS requires the use of a pre-assigned key, H F12", to 
25 designate the beginning of highlighted data). 

In this embodiment, database 714 has been loaded into system memory 
from nonvolatile memory (e.g., hard disk, floppy diskette, or CD-ROM) prior to 
the pressing of the pre-assigned key. It is possible for the user to load a 
different database into the system memory. It is also possible for the user to 
30 load a plurality of databases into the system memory, and select one of these 
databases (or switch to a different database) to be an active database for 
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comparing with the highlighted word. For example, the user can select a 
database associating words with graphic images. In this case, a picture of a 
piano would be displayed when the word "piano" is highlighted. 

The flexible hyperlink association system of according to the first 

5 embodiment of the present invention can be implemented using a novel 
"bossless" computer program architecture comprising a plurality of program 
modules called "cells." Under this architecture, each cell is hierarchically 
equal, i.e., there is no controlling (or boss) cell. An application can start from 
any cell, and can terminate at any cell. Typically, many cells are executing 

10 either sequentially or concurrently. Various applications can be designed by 
controlling the operation of these cells. A detailed description of this 
computer program architecture can be found in copending the United States 
patent application (Serial No. 08/539,806) filed October 5,1995 and 
corresponding International patent application (Serial No. JP 96/00821) filed 

15 March 28, 1 996. These copending patent applications are hereby 

incorporated by reference. A detailed description of using this architecture 
to implement the flexible hyperlink association system according to the first 
embodiment of the present invention is provided below in a separate section. 
In the first embodiment of the flexible hyperlink association system, two 

20 cell are created to implement the system. One cell is called a clipboard 
scanning cell and the other cell is called a hyperlink cell. The clipboard 
scanning cell places highlighted text string in a clipboard buffer commonly 
used in a windows based operating environment (e.g., Microsoft's Windows 
software). The clipboard scanning cell is also responsible for detecting the 

25 pressing of a pre-assigned key by a user. The second cell is a hyperlink cell 
which compares the text string in the clipboard with text strings in a database. 
It also causes the computer system to execute appropriate operations when 
the text string in the clipboard matches a text string in the database. If there 
is no match, the hyperlink cell allows a user to edit the database and enter an 

30 operation associated with the unmatched text string. 
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Each cell is associated with a file, called a DNAfile. The 
characteristics and operation of the cells are determined by their associated 
DNA files. Cells communicate by writing statements to the DNA files 
associated with other cells using a protocol called digital shifting function 
5 (DSF). Once written, the origin of these DSF statements is ignored. There 
is no need to "return" to the cells which originate the statements. Further, 
the DSF statements are executed by the cells without regard to their origins. 

The cells execute DSF statements in their associated DNA files. These 
statements are executed sequentially. The cells retain full control of the 

10 execution, i.e., there is no need to turn over execution to other cells during or 
after the execution of statements. There is no need to report to other cells 
on the status or results of execution. 

In a preferred computer system of the present invention, many cells (in 
addition to the clipboard scanning and hyperlink cells) are executing in the 

15 computer system. Various applications can be designed by controlling the 
operation of these cells. 

Fig. 2 is a flow chart 850 of a clipboard scanning cell according to the 
first embodiment of the present invention. Flow chart 850 starts at step 852. 
At predetermined time periods, the clipboard scanning cell scans the 

20 clipboard buffer, which is maintained by MS Windows (step 854). In step 
856, the scanning cell determines whether the buffer contains a Control-C 
symbol. If this symbol is not detected, flow chart 850 branches back to step 
854. If this symbol is detected, scanning cell reads the content of the 
clipboard (step 860). It then sends a DSF statement to a hyperlink cell (step 

25 862). For example, if the content of the clipboard buffer is a word "piano", 
the syntax of the DSF statement is "SEARCH piano", where the word "piano" 
is a parameter of the SEARCH statement corresponding to the content of the 
clipboard. 

It should be appreciated that the control-C key and the "SEARCH" 
30 keyword are exemplary. Other symbols and keywords could be used. 
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Fig. 3A is a flow chart 870 of a hyperlink cell according to the first 
embodiment of the present invention. In this embodiment, the database 
(corresponding to database 714 of Fig. 1) accessible by the hyperlink cell is 
stored in its DNA file. Flow chart 870 starts at step 872. At step 874, it 
5 launches the clipboard scanning cell. Flow chart 870 then waits for a DSF 
statement from the scanning cell (step 876). If a DSF statement is received, 
flow chart 870 determines whether the DSF statement contains a "SEARCH" 
keyword (step 878). If the "SEARCH" keyword is not found, flow chart 870 
branches back to step 876. If a "SEARCH" statement is received from the 

10 scanning cell, the hyperlink cell searches its DNA file (i.e., database) for a 
record having a field which is the same as the parameter in the "SEARCH" 
statement (step 880). Flow chart 870 then determines whether there is a 
match (step 881 ). If such a record exists, the operation associated with this 
parameter is performed (step 882). Flow chart 870 then branches back to 

15 step 876 and wait for another DSF statement. If such a record does not exist, 
flow chart 870 goes into an edit mode. A dialogue box is displayed asking a 
user to enter the operation to be associated with this parameter (step 884). 
This information is stored in the DNA file of the hyperlink cell (step 886). 
Flow chart 870 then branches back to step 876 to wait for another DSF 

20 statement. 

It should be appreciated that the database could be stored in any place. 
The DNA file of hyperlink cell is merely a convenient place to hold the 
database. 

Fig. 3B is a flow chart 900 of another hyperlink cell according to the first 
25 embodiment of the present invention. Common reference numerals in flow 
charts 870 and 900 refer to the same steps. In flow chart 900, two new 
steps (step 902 and 904) can be inserted between step 878 (i.e., received a 
"SEARCH" statement) and 880 (i.e., search the database). After a 
"SEARCH" statement is received, flow chart 900 determines whether the 
30 parameter can be executed directly without searching the database (step 
902). If the answer is yes (i.e., parameter directly executable), flow chart 
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900 executes the parameter directly (step 904). For example, if the 
parameter (i.e., highlighted word) is a executable filename (as determined by 
the underlying operating system), it is directly executable. An alternative 
design is to execute parameters having predefined extensions (e.g., 

5 "WAVV'BMP", "EXE", etc.). In this case, computer system 700 searches for 
a file in the hard disk having the same filename as the ASCII characters in the 
parameter. When such a file is found, the computer program stored in the 
file is then launched. Flow chart 900 then branches to step 876 (i.e. , wait for 
another DSF statement). If the answer is negative (i.e., parameter not 

10 directly executable), flow chart 900 branches to step 880 (i.e., search the 
database). 

It should also be appreciated that steps 902 and 904 could be inserted 
into other places of flow chart 870. For example, these two steps could be 
inserted between steps 881 and 884. Further, a single cell combining the 
15 functionalities of the hyperlink and clipboard scanning cells can be used in 
the present invention (i.e., the single cell can implement the capturing of data, 
comparing with a database, and invoking a computer operation). 

It should also be appreciated that the flexible hyperlink association 
system can be implemented using convention computer program architecture 
20 instead of the bossless computer architecture. In this case, the hyperlink 
and clipboard scanning cells can be implemented as two conventional 
procedures. The communication between the two procedures can be 
implemented using ordinary procedure calls and using a storage area 
accessible by both procedures (i.e., one procedure can write to and the other 
25 procedure can read from the common storage area). Further, it is possible 
to use one procedure to implement the capturing of data, comparing with a 
database, and invoking a computer operation. 

It should be appreciated that the flexible hyperlink association system of 
the invention using bossless architecture called "the digital cell technology " 
30 increases efficiency. 
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The digital cell technology can be considered a "bossless" architecture 
because every program module is on equal footing with other program 
modules. There is no module that controls the overall operation of the 
program (i.e., no boss). 

5 Fig. 4 is a schematic view of an application 160 based on the bossless 

architecture. Application 160 comprises a plurality of program modules, 
such as modules 162-165. Each program module (called a "cell" in the 
present invention) is the same as the other cells in an hierarchical sense. 
Cells are linked together in a novel way in which no history or linkage 

10 information needs to be retained. Each link is independent. For example, 
there is no need for links to be active simultaneously. Each link is direct, i.e. , 
two cells can be linked directly without the need of using one or more 
intermediate links. For example, cells 162 and 164 can be linked directly 
using line 166 instead of using lines 167 and 168 and passing through an 

15 intermediate cell. An application can be formed by defining the cells 
involved and using the novel link of the present invention. 

Fig. 5 is a drawing showing the structure of an application 200 using the 
bossless architecture. Application 200 contains a plurality of cells, labeled 
as C1-C5, loaded and executing in RAM. Each cell has an associated file 

20 (labeled as D1-D5), called DNA file, which contains information of the cell. 
The term "DNA" is used here in analogy with the biological relationship 
between a living cell and its DNA. At a desired time, cell C1 can send 
statements (called "DSF statements") to cell C2 using a protocol called digital 
shifting function ("DSF") protocol. Cell C2 will execute these statements. 

25 The detail structures of cells, DNA files and the DSF protocol will be 
described below. 

A cell can also invoke another cell (e.g., cell C1 can invoke cell C5, as 
indicated by the double dashed line), if that cell is not already loaded and 
running in RAM. The invoked cell (i.e., cell C5) could be completely 
30 independent of the invoking cell(i.e., cell C1 ) after invocation. Thus, the 
invoking cell is not the boss of the invoked cell and the two cells are 
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hierarchically at the same level. This is completely different from the prior 
art in which an invoking program module is at a hierarchical different level as 
the invoked program module. 

As explained below, a cell can be implemented as an ".EXE" file (in the 

5 MS DOS or MS Windows environment), and can be loaded into RAM for 
execution using well known methods in accordance with the operating 
environment. The cell's associated DNAfile can also be loaded into RAM. 
The invoked cell takes on the attributes stored in its DNA cell. It is also 
possible to modify the DNAfile when the cell is invoked or while running by 

10 writing to the file (which could be an ASCII file). As a result, the architecture 
provide a flexible approach to build applications. 

It can be seen from Fig. 5 that the bossless architecture has a flat 
structure instead of a hierarchical architecture. Each of the cells C1-C5 is 
an independent executable routine which is at the same hierarchical level as 

15 other executable routines. No cell functions as a boss for other cells. 
Consequently, this architecture is called a bossless architecture. 

This architecture allows an application to start at any cell. Other cells 
can be invoked as needed. This architecture also allows an application to 
end at any cell. Because there is no chain to unwind, the cells can terminate 

20 immediately. There is no need to return to the "boss" program before exiting 
the application. In one embodiment of the present invention, a cell can exit 
the application at a predetermined time after invocation of a new cell. In 
another embodiment of the present invention, other cells can send a DSF 
statement to this cell requesting it to terminate. 

25 Fig. 6 is a block diagram showing the logic structure of a DNA file 250 

associated with a cell, such as cell CA. File 250 has a section 252 
containing parameters ("own parameters") related to the characteristics of 
cell CA itself For example, section 252 may contain parameters related to 
the way cell CA manifest itself when invoked: the window size and 

30 background color of cell CA, the name of cell CA, the names of audio files 
associated with its invocation and termination, etc. 
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File 250 also contains a section 254 containing linking parameters ("link 
parameters") on cells related to cell CA. Examples of the parameters 
contained in this section are: the names, symbols and positions of the other 
cells. One of the parameter is "close," which is interpreted as closing cell 

5 CA when the cell associated with this parameter is invoked. 

If cell CA is a hyperlink cell, file 250 contains a section 262 containing 
the associated database information. The length of this section could be 
very long, if the size of the database is large. In one embodiment of the 
present invention, the content of section 262 is similar to the form shown in 

10 database 714 of Fig. 1 . Thus, the equal sign is used as the association 
symbol, the left hand side contains the words to be compared, and the right 
hand side contains the executable filenames associated with the words at the 
left hand side. 

File 250 further contains a DSF information section 256. This section 

15 contains a regular statements section 257 and a top priority function section 
264. The structure of the regular section 257 and top priority function section 
264 are substantially the same, except that top priority function section 264 
has a higher priority in statement execution. These two sections contain 
individual headers for identifying the sections (e.g., each section headed by a 

20 different name or symbol). 

Regular section 257 contains a "condition" section 258 and a statements 
section 260. Statements section 260 comprises DSF statements sent to cell 
CA by other cells. Statements in statements section 260 are executed 
sequentially. Each statement also contains parameters necessary for the 

25 execution of the statement. Condition section 258 comprises three 

components: (a) a first pointer to the last DSF statement currently existing in 
statements section 260, (ii) a second pointer to the current DSF statement 
being processed by cell CA, and (iii) the current status of the cell. Examples 
of status are: ready, busy, lock, and never. 

30 Top priority function section 264 contains a condition section 266 and a 

command lines section 268. The structure of condition section 266 is similar 
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to the structure of condition section 258 (e.g., both sections contain two 
pointers). Command lines section 268 contains executable command lines 
which are sent by other cells using DSF (or similar) protocol. The command 
lines have a higher execution priority than the statements in statements 
5 section 260 (the details of execution priority will be discussed below in 

connection with Fig. 7). The command lines in command lines section 268 
are executed sequentially. Examples of commands in section 268 are close, 
min (for minimizing a window), max (for maximizing a window), restore, etc. 
It should be appreciated that the logic structure shown in Fig. 6 can be 

10 implemented using one or more physical files. Further, portions of the 
logical sections may intermingle physically. In one embodiment of the 
present invention, the DNA file is a text file. Thus, the content of the DNA file 
can be modified by using a regular text editor. 

Statements sent by one cell to another follow the DSF protocol. A 

15 sending cell (e.g., cell CS) sets up a communication link with the DNA file 250 
associated with cell CA. Specifically, it looks up the address of DNA file 250 
and determines whether DNA file 250 is able to accept DSF statements (e.g., 
at a "ready" state) by examining its status in condition section 258. 
Statements will be issued by cell CS only when cell CA is ready to accept 

20 them. In one embodiment, the issuance of statements involves writing ASCII 
characters to statements section 260 of DNA file 250. 

When cell CS is authorized to issue statements to cell CA, cell CS reads 
the first pointer (in condition section 258) to the last DSF statement to 
determine the appropriate address to write the DSF statements. It is 

25 important not to overwrite DSF statements already existed in cell CA. Cell 
CS writes DSF statements to statements section 260 of DNA file 250. Cell 
CS also updates the first pointer in condition section 258 so as to point to the 
last DSF statement newly written into statements section 260. The 
communication link between cells CA and CS is terminated. It can be seen 

30 that cell CA and DNA file 250 do not maintain record (i.e., history) indicated 
that these new statements originate from cell CS. 
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It should be appreciated that the above described DSF protocol is only 
an exemplary protocol. Other protocol could be used to write DSF 
statements to cells. For example, different pointer structures can be used, 
e.g., the first pointer can point to the position after the last DSF statement. 
5 Different types of status and different ways for checking status information 
can be used. Further, the statements could be stored in accordance with a 
logic structure instead of stored physically in a sequential manner. For 
example, the statements could be organized into groups with the address of 
each group pointed to by a pointer. 

10 Command lines are sent by one cell to another using a protocol 

substantially the same as the DSF protocol. Because regular statements 
section 257 and top priority function section 264 have different headers, the 
sending cell can distinguish between these two sections and write to the 
appropriate section. Other means for identifying these two section can also 

15 be used (e.g., maintaining separate linked lists of statements and command 
lines). 

Because DSF statements/commands are executed sequentially (either 
physically or logically), cell CA needs to complete execution of 
statements/commands (if any) preceding the above mentioned 

20 statements/commands written by cell CS. This set of previously written 
statements/commands are likely to be written by other cells (although it is 
also possible that it is written by cell CS in a prior communication link). 

Fig. 7 shows the structure of cell CA. It is grouped logically into a 
plurality of sections, each implemented using instructions executable by a 

25 computer. Cell CA contains an initialization section 312 and a DNA interface 
section 314. DNA interface section 314 allows cell CA to read from and write 
to its corresponding DNA tile 250. Initialization section 312 takes care of 
housekeeping tasks when invoked, including reading parameters from "own 
parameters" section 252 of DNA file 250. Cell CA also contains a section 

30 316 for processing DSF protocol. This section contains code (or program 
instructions) for sending and receiving statements/command lines using the 
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DSP protocol. 

Cell CA contains an execution section 318 containing code for 
automatically executing statements and command lines in DNA file 250 
written by other cells. The code sequentially read and execute statements in 
statements section 260 of DNA file 250. After each statement is executed, 
cell CA branch to top priority function section 259 and executes all the 
command lines therein. Cell CA then executes the next statement in 
statement section 260. 

Cell CA contains a temporary memory section 322 for storing temporary 
information. As an example, it is possible to change attributes (e.g., 
background color and the size of the display window) of cell CA during its 
execution. In one embodiment of the present invention, the changed 
attributes are temporarily stored in temporary memory section 322 instead of 
immediately being written to DNA file 250. In this embodiment of cell CA, the 
attribute information stored in temporary memory section 322 is written into 
"own parameters" section 252 of DNA file 250 only when cell CA is 
terminated. 

Cell CA also contains a cell invocation section 324 for invoking other 
cells. In one embodiment of the present invention, this section obtains 
information about the cell desired to be invoked and pass this information to a 
specialized cell which actually invoke the desired cell. It is also possible to 
incorporate the functionality of this specialized cell in the cell invocation 
section of cell CA and other cells. 

It should be appreciated that the above mentioned sections in cell CA 
are grouped logically, and portions of these sections could intermingle 
physically. 

Typically, the size of each cell is small and the function of the cell well 
defined. Consequently, the execution speed is fast. As a result of the 
small size and specialized function, the cells can be easily written to fully 
utilize the resources of a computer. The communication between cells using 
DSF is direct, with minimum amount of access to the operating system on 
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which an application is run. As a result, the efficiency is high. 

The architecture of the digital cell technology comprises at least two 
cells which can communicate with each other. The cells are encapsulated 
program modules that are specialized for their designed tasks. Therefore, 

5 applications developed using the present architecture comprise of multiple 
executables which can run independently or concurrently. The cells interact 
with each other using the inventive DSF protocol. Each cell can control the 
action of other cells. For example, a first cell can control a second cell, and 
the second cell can control the first cell. Therefore, no single cell has 

10 complete control over the other cells, or in other words, there is no boss. On 
the other hand, under conventional architectures, program modules 
subordinate to a boss cannot control the boss. Another unique 
characteristic of the present architecture is that the cell that receives a 
command does not keep any information of where the command came from. 

15 This lack of historical knowledge allows cells to move forward instead of 
going backward in a link. 

One of the embodiments of the present invention is an application 
development system which runs under Microsoft's MS Windows. In this 
environment, cells are programs stored as ".EXE" files and typically show a 

20 window on a computer monitor when invoked. By linking these cells, a user 
can construct an application software just like assembling blocks. Each cell, 
with its specific function, is given another function or value through DSF 
protocol with other cells to produce a variety of applications. 

An example is used to illustrate the flexible hyperlink association system 

25 of the first embodiment using digital sell technology referring to Fig. 8. In 
this example, scanning cell SC is invoked in response to the depression of a 
pre-assigned key (L1 ). At the time of the activation of cell SC, DSF 
statements, "scan the buffer." "determine if a string of characters is present in 
the buffer: terminate if not present," "read a string of characters from the 

30 buffer," and "send a search statement to hyperlink cell RC: the parameter is 
the read string of characters," are described in the statement section 260 in 
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the DNA file 250 of cell SC. The "search statement" means the DSF 
statement that instructs search. Scanning cell SC sequentially executes 
those DSF statements. 

First, cell SC scans the buffer 712 in accordance with the DSF statement 

5 (L2) to determine if a character string is present. When determining that no 
character string is present, cell SC terminates the process. When 
determining that there is a character string, cell SC reads the character string 
from the buffer 712 ("guitar" in Fig. 8) (L3). Using the read character string 
as a parameter, cell SC then sends the search statement "search the data 

10 base: the parameter is guitar" to the DNA file 250 of hyperlink cell RC (L4). 
When the DNA file 250 of hyperlink cell RC receives the search 
statement from the scanning cell SC, the statement "search the data base: the 
parameter is guitar" is described in the statement section 260 in the DNA file 
250 of cell RC. Cell RC executes this search statement. That is, cell RC 

15 searches the data base in the DNA file 250 for the character string "guitar." 
The search result is sent to cell RC itself. In accordance with the received 
search result, cell RC describes a DSF statement in its own DNA file 250. 

When the parameter exists in the data base, hyperlink cell RC describes 
"execute a program linked to the parameter" in the statement section 260 in 

20 its own DNA file 250. When the parameter does not exist, however, cell RC 
describes "display the dialog box," "store in the data base: parameter = input 
program name" and "execute a program indicated by the input program 
name." Cell RC sequentially executes those DSF statements in accordance 
with the search result. 

25 When the character string "guitar" is found in the data base, hyperlink 

cell RC describes the aforementioned associated DSF statement in its own 
DNA file 250 and executes the program "guitar.exe" which is linked to the 
character string "guitar" in the data base in accordance with that DSF 
statement. If the character string "guitar" is not in the data base, cell RC 

30 describes the associated DSF statements in its own DNA file 250, in 

accordance with which it displays the dialog box to allow the user to enter the 
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program name linked to the parameter, newly stores a record of a 
predetermined format (guitar = input program name) in the data base in the 
DNA file 250 and executes the program indicated by the input program name. 
As apparent from the above, those cells are independently executed 
5 except in the case where the scanning cell sends a search statement to the 
link cell, a fast data link system which hardly produces overheads can be 
accomplished. 

The buffer memory 712 may be designed to be able to store data of 
various kinds of formats, such as graphics data, in addition to character data. 

10 In this case, the data base 714 also stores the graphics data together with a 
program associated with the graphics data. For instance, when the user 
designates a figure (e.g., the figure of a musical instrument like piano or 
guitar) displayed on the display device, its graphics data is stored in the 
buffer memory 712. The CPU 702 detects graphics data, associated with 

15 the graphics data stored in the buffer memory 71 2, from the data base 714, 
and invokes the program which is linked by the association symbol (e.g., the 
program which reproduces sounds of piano, guitar or the like). This 
modification can therefore cope with a variety of applications. 

Second Embodiment 

20 Fig. 9 is a schematic drawing of a computer system 900 which is able to 

implement a flexible hyperlink association system according to the second 
embodiment of this invention. Computer system 900 contains a display 
device 904. An exemplary ASCII character string 906, "this is the piano", is 
displayed on display device 904. The word "piano" is highlighted. When a 

25 user depresses a pre-assigned key, e.g., control-C, computer system 900 
captures the highlighted word, "piano* in a buffer 912. It should be 
appreciated that the word can be captured to buffer 912 while it is being 
highlighted or after the pre-assigned key is depressed. 

After the pre-assigned key is depressed, computer system 900 accesses 

30 a database 914 already loaded in the system memory of computer system 
900. Database 914 contains a plurality of records each keyed to the name 
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of a musical instrument (such as record 920 keyed to the word "piano", record 
922 keyed to the word "violin"). Each record contains one or more branches 
which are selectable based on predetermined pieces of information (or a 
predetermined method of obtaining the information). For example, the 
"piano" record contains three different branches selectable based on the age 
of the user (this information can be previously obtained from the user). The 
first branch (branch 924) is invoked if the user is a kid (e.g., ten years old or 
younger). A module "p_kid.exe" is executed which draws a picture of the 
piano and plays a short piece of piano music. The second branch (branch 
926) is invoked if the user is a youth (e.g.. between eleven and eighteen 
years old). A module a p_young.exe" is executed which displays simple 
written information about a piano, in addition to drawing a picture of the piano 
and playing piano music. The written information is not displayed when 
executing "p_kid.exe" because a kid would not be interested in reading 
written information. The third branch (branch 928) is invoked if the user is 
an adult (e.g., nineteen and older). A module "p_adult.exe" is executed 
which displays detailed written information of a piano (e.g., its history and 
how it works). 

In the second embodiment, computer system 900 compares the word in 
buffer 912 with the key-words (e.g. , "piano" and "violin") in database 914. If 
a match is found, computer system 900 then retrieves a previously entered 
selection information (e.g., the age of the user) and uses it to select a branch. 
Different program module is executed depending on the selection 
information. 

The number of branches in the above example is exemplary. For 
example, there could be one or more branches for the key "violin". The 
number of records in the above example is also exemplary. In addition, the 
information used for the selection could be obtained dynamically, e.g., just 
prior to the selection, instead of relying on fixed information. Examples of 
dynamic information are the time of the day when the user typed in the word 
"piano," or the status of remote users if the computer is connected to a 
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network system. 

The flexible hyperlink association system according to the second 
embodiment of this invention can also be implemented using the digital cell 
technology explained in the first embodiment. 
5 In the second embodiment, two cell are created to implement the system. 

One cell is clipboard scanning cell and the other cell is hyperlink and branch 
cell. The clipboard scanning cell places highlighted text string in a clipboard 
buffer commonly used in a windows based operating environment. The 
clipboard scanning cell is also responsible for detecting the depressing of a 

10 pre-assigned key by a user. The hyperlink and branch cell compares the 
text string in the clipboard with keys in a database. The hyperlink and 
branch cell also causes the computer system to execute appropriate program 
modules based on previously stored or dynamic information. If there is no 
match, the hyperlink and branch cell allows a user to edit the database. The 

15 user can enters a new record with a key and branch. 

Fig. 1 0 is a flow chart 950 of a clipboard scanning cell according to the 
second embodiment of this invention. Flow chart 950 starts at step 952. At 
predetermined time periods, the clipboard scanning cell scans the clipboard 
buffer, which is maintained by MS Windows (step 954). In step 856, the 

20 scanning cell determines whether the buffer contains a Control-C symbol. If 
this symbol is not detected, flow chart 950 branches back to step 954. If this 
symbol is detected, scanning cell reads the content of the clipboard (step 
960). It then sends a DSF statement to a hyperlink and branch cell (step 
962). For example, if the content of the clipboard buffer is a word "piano", 

25 the syntax of the DSF statement is "SEARCH piano", where the word "piano" 
is a parameter of the SEARCH statement corresponding to the content of the 
clipboard. 

It should be appreciated that the control-C key and the "SEARCH" 
keyword are exemplary. Other symbols and keywords could be used. 
30 Fig. 1 1 is a flow chart 970 of a hyperlink and branch cell according to the 

second embodiment of the present invention. In the second embodiment, 
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the database (corresponding to database 914 of fig. 9) accessible by the 
hyperlink and branch cell is stored in its DNA file. At step 972, flow chart 
970 obtains branching (or selection) information for performing subsequent 
branching (e.g., the age of the user). At step 974, it launches the clipboard 
5 scanning cell. Flow chart 970 then waits for a DSF statement from the 
scanning cell (step 976). If a DSF statement is received, flow chart 970 
determines whether the DSF statement contains a "SEARCH" keyword (step 
978). If the "SEARCH" keyword is not found, flow chart 970 branches back 
to step 976. If a "SEARCH" statement is received from the scanning cell, the 
10 hyperlink and branch cell searches its DNA file (i.e., database) for a record 
having a key-word which is the same as the parameter in the "SEARCH" 
statement (step 980). Flow chart 970 then determines whether there is a 
match (step 981 ). If there is a match, flow chart 970 then uses the branching 
information (obtained from step 972) to determine which branch to execute 
15 (step 982). The operation associated with the selected branch is performed, 
e.g., the corresponding cell is invoked (step 983). Flow chart 970 then 
branches back to step 976 and waits for another DSF statement. 

If the parameter in the "SEARCH'' statement does not match any of the 
key-word in the database, flow chart 970 goes into an edit mode. A dialogue 
20 box is displayed asking a user to enter the branches, the conditions 

associated with the branches, and a program module (or cell) associated with 
each branch (step 984). This information is stored in the DNA file of the 
hyperlink and branch cell (step 986). Flow chart 970 then branches back to 
step 976 to wait for another DSF statement. 
25 It should also be appreciated that the flexible hyperlink association 

system according to the second embodiment can be implemented using 
convention computer program architecture instead of the digital cell 
technology. In this case, the clipboard scanning cell and hyperlink and 
branch cell can be implemented as two conventional procedures. The 
30 communication between the two procedures can be implemented using 
ordinary procedure calls and a storage area accessible by both procedure. 
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Further, it is possible to use one procedure to implement all above mentioned 
steps (e.g., the capturing of data, comparing with a database, branching and 
invoking a computer operation). 

The DNA file of the hyperlink and branch cell in this embodiment is the 
5 same as the DNA file of a hyperlink cell described in the first embodiment, 
except for the database section 263. Fig. 1 2 is a block diagram showing the 
logic structure of a DNA file 250 associated with a hyperlink and branch cell in 
this embodiment. 

File 250 contains a section 263 containing the associated database 

10 information. The length of this section could be very long, if the size of the 
database is large. The database contains means for identifying the keys in a 
record. In this example, a line containing a predetermined symbol, e.g., 
indicates that the word to the left of the symbol is a key. Thus, the line 
"piano:" is interpreted to mean that the word "piano" is a key. Section 263 

15 also contains means for identifying a branching condition. In this example, 
logic relationships to the left of another predetermined symbol ,e.g. ,"->", 
indicate a branching condition. Thus, the relationship a age<=10" is a 
condition. Section 263 contains means for identifying an operation 
associated with a branching condition. In this example, an executable 

20 program to the right of the above described "->" symbol indicates a program 
associated with the condition to the left of the symbol. Thus, the program 
"p_kid.exe" is associated with users equal to or under ten years old. A 
predetermined symbol is used to indicate the end of a branch and a 
predetermined symbol V is used to indicate the end of a record. 

25 Note that the above described symbols and database format are 

exemplary. Other symbols and database format could be used. 

File 250 contains other section. These sections are the same as the 
corresponding sections described in the "hyperlink cell" in the first 
embodiment. Specially, it contains (a) a section 252 containing parameters 

30 related to the characteristics of the hyperlink and branch cell itself; (b) a 
section 254 containing linking parameters on cells related to the hyperlink 
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and branch cell, and (c) a DSF information section 256 which further includes 
a regular statements section 257 and a top priority function section 264. 
Regular section 257 contains a "condition" section 258 and a statements 
section 260. Top priority function section 264 contains a condition section 
5 266 and command lines section 268. 

Fig. 13 shows a block diagram of a computer system 600 which can be 
used to run the database system of the present invention. Computer system 
600 comprises a computer 602 having a central processing unit (CPU) 604 
and system memory 606, which could be random access memory (RAM) or 
10 read- only memory (ROM), coupled to a system bus 608. Computer 602 
also contains a peripheral bus controller 612 for controlling a peripheral bus 
614. Depending on the architecture of computer 602, peripheral bus 614 
could be a PCI bus, VESI local bus, ISA bus, or other similar buses. 
Peripheral bus 612 allows peripheral boards to be connected to computer 602. 
15 Examples of peripheral boards are a video board 616, a serial board 620 and 
a disk controller board 622. CPU 604 and RAM 606 can communicate with 
the peripheral boards through peripheral bus controller 612. 

Serial board 620 allows serial communication between computer 602 
and one or more external serial devices, such as a mouse 636. 
20 Video board 616 contains circuits to control a monitor 630 and display 

images thereon. Video board 61 6 also contains memory (not shown) 
associated with such display. The memory is preferably a special kind of 
memory integrated circuit device, called video RAM (VRAM), designed for 
video applications. The circuits draws images on monitor 630 based on 
25 information stored in the memory. The images are on monitor 630 are 
updated at predetermined time intervals. 

If computer system 600 is used to run programs in a windows-based 
environment, one or more windows, such as a windows 632 and 634, could 
be displayed on monitor 630. 
30 Disk controller board 622 is connected to a hard disk 638 and a floppy 

disk driver 639. The MS Windows and the operating system are generally 
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stored in hard disk 638. The cells can be stored in floppy diskettes and 
downloaded into hard disk 638. In one embodiment of the present invention, 
individual cells (e.g., the hyperlink cell, the clipboard scanning cell, and 
hyperlink and branch cell) and the databases can be stored in diskette. 

5 These diskettes can be distributed to end users. The diskettes can be 
loaded into hard disk 638. 

An application cell (such as a word processor cell) is loaded into system 
memory 606 and executing in computer system 600. A user can enter text 
(such as text string 706 in Fig. 1) into a window on monitor 630. The 

10 hyperlink and clipboard scanning and hyperlink and branch cells are also 

loaded into system memory 606. If the database is not stored in the DNA file 
of hyperlink cell and hyperlink and branch cell, the database is also be loaded 
into system memory 606. The location of the database should be identified 
to the hyperlink cell and hyperlink and branch cell so that the hyperlink cell 

15 amd hyperlink and branch cell can access the database. The user can then 
invoke different computer operations using the procedure described in 
connection with Fig. 1 and Fig. 9. 

The invention has been described with reference to a specific exemplary 
embodiment thereof: Various modification and changes may be made 

20 thereunto without departing from the broad spirit and scope of the invention. 
The specification and drawings are, accordingly, to be regarded in an 
illustrative rather than a restrictive sense; the invention is limited only by the 
provided claims. 
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CLAIMS 

1 . A method for a computer to perform an operation associated with 
data on a display device and chosen by a user, comprising the steps of: 

providing a database containing a list of data and a list of program 
5 modules, members of said list of data being associated with members of said 
list of program modules; 

highlighting desired data on said display device; 

comparing said highlighted data with said members in said list of data; 

and 

LO if a match is found, executing said program module associated with said 

matched member. 

2. The method of claim 1 further comprising the step of editing said 
database to associate a program module with said highlighted data if said 
highlighted data does not match any member in said list of data. 

15 3. The method of claim 2 wherein said editing step further comprises 

the step of providing a dialogue box for entering the name of a computer 
module associated with said unmatched highlighted data. 

4. The method of claim 1 further comprising the step of capturing said 
highlighted data into a buffer, wherein said comparing step compares data in 

20 said buffer with said members in said list of data. 

5. The method of claim 4 wherein said buffer is a clipboard buffer. 

6. A method for a computer to perform an operation associated with 
data on a display device and chosen by a user, comprising the steps of: 

providing a first database and a second database each containing a list 
25 of data and a list of program modules, members of said list of data being 
associated with members of said list of program modules; 

selecting one of said first and said second databases to be an active 
database; 

highlighting desired data on said display device; comparing said 
30 highlighted data with said members in said list of data of said active database; 
and 
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if a match is found, executing said program module associated with said 
matched member. 

7. The method of claim 6 further comprising the step of capturing said 
highlighted data into a buffer, wherein said comparing step compares data in 

5 said buffer with said members in said list of data of said active database. 

8. A method for a computer to perform an operation associated with 
data on a display device which has been chosen by a user, comprising the 
step of: 

providing a database containing a plurality of records, each record 
10 containing a key and at least one branch, each branch being associated with 
a program module; 

obtaining data highlighted on said display device; 

comparing said highlighted data with said keys; 

if a match is found, selecting a branch based on a predefined criterion; 

15 and 

executing said program module associated with said branch. 

9. The method of claim 8 further comprising the step of editing said 
database to associate a key with said highlighted data if said highlighted data 
does not match any existing keys in said database. 

20 1 0. The method of claim 9 wherein said editing step further comprising 

the step of providing a dialogue box for entering branches, criteria, and 
program modules. 

1 1 . The method of claim 8 wherein said obtaining step comprises the 
step of capturing said highlighted data into a buffer. 
25 12. The method of claim 1 1 wherein said buffer is a clipboard buffer. 

13. A method for a computer to perform an operation associated with 
data on a display device which has been chosen by a user, comprising the 
steps of: 

providing a first database and a second database each containing a 
30 plurality of records, each record containing a key and at least one branch, 
each branch being associated with a program module; 
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selecting one of said first and said second databases to be an active 
database; 

obtaining data highlighted on said display device; 
comparing said highlighted data with said keys in said selected 
5 database; 

if a match is found, selecting a branch in said selected database based 
on a predefined criterion; and 

executing said program module associated with said branch. 

1 4. The method of claim 1 3 wherein said obtaining step comprises the 
10 step of capturing highlighted data into a buffer. 

15. A computer system for performing an operation associated with 
data on a display device(704) and chosen by a user, comprising: 

a database(714) containing a list of data and a list of program modules, 
members of said list of data being associated with members of said list of 
15 program modules; 

means for highlighting desired data on said display device(704); 
means for matching said highlighted data with one of said members in 
said list of data; and 

means for executing said program module associated with said matched 
20 member. 

1 6. The computer system of claim 1 5 further comprising a buffer(71 2) 
for storing said highlighted data and means for capturing said highlighted 
data to said buffer, wherein said means for matching matches said data in 
said buffer with one of said members in said list of data. 

25 1 7. A computer system for performing an operation associated with 

data on a display device(706) and chosen by a user, comprising: 

a database(714) containing a list of data and a list of program modules, 
members of said list of data being associated with members of said list of 
program modules; 

30 means for highlighting desired data on said display device(704); 
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a first computer program and a second computer program; 

said first computer program comprising: 

means for capturing said highlighted data; and 
means for sending said captured data to said second computer 
5 program; and 

said second computer program comprising: 

means for receiving said captured data from said first computer 

program; 

means for matching said captured data with said members in said 
10 list of data; and 

means for executing said program module associated with said 

matched member. 

18. A computer system for performing an operation associated with 
data on a display device(904) which has been chosen by a user, comprising: 

15 a database(914) containing a plurality of records(920,922), each record 

containing a key and at least one branch, each branch being associated with 
a program module; 

means for highlighting desired data on said display device(904); 
means for matching said highlighted data with said keys; 
20 means for selecting a branch based on a predefined criterion if a match 

between said highlighted data and one of said keys is found; and 

means for executing said program module associated with said branch. 

1 9. The computer system of claim 1 8 further comprising a buffer(91 2) 
for storing said highlighted data and means for capturing said highlighted 

25 data to said buffer, wherein said means for matching matches said data in 
said buffer with said keys. 

20. A computer system for performing an operation associated with 
data on a display device(904) which has been chosen by a user, comprising: 

a database(914) containing a plurality of records(920,922), each record 
30 containing a key and at least one branch, each branch being associated with 
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a program module; 

means for highlighting desired data on said display device(904); 
a first computer program and a second computer program; 
said first computer program comprising: 
5 means for capturing said highlighted data; and 

means for sending said captured data to said second computer 
program; and 

said second computer program comprising: 

means for receiving said captured data from said first computer 

10 program; 

means for matching said captured data with said keys; 
means for selecting a branch based on a predefined criterion if a 
match between said highlighted data and one of said keys is found; and 

means for executing said program module associated with said branch. 
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